specifically designed for each application because many Absfracf -Surface acoustic wave (SAW sensors must be variables direclly affect the acoustic wave velocity. In the present work, we have designed, fabricated, and tested an SAW sensor for detection of metastable states of He. The sensor consists of two sets of micromachined interdigitated transducers (IDTs) and delay lines fabricated by photolithography on a single Y-cut LiNb03 substrate oriented for 2-propagation of the SAWs. One set is used as a reference and the other set employs a delay line coated with a titaniumbased thin film sensitive to electrical conductivity changes when exposed to metastable states of He. The reference sensor is used to obtain a true frequency translation in relation to a MHz has been used, and the IDT finger width is S pm.
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voltage controlled oscillator. An operating frequency of 109 Variation in electrical conductivity of the thin film at the delay line due to exposure to He is detected as a frequency shift in the assembly, which is then used as a measure of the amount of metastable He exposed to the sensing film on the SAW delay indicates the extent of the metastable He interaction. Although these devices employ seemingly disparate designs and materials, they are all based on the same fundamental physical principle. When a radio frequency (RP) signal is applied to an IDT that has k e n patterned on a piezoelectric substrate, SAWs propagate along a particular direction on the substrate. At the other end of the substrate, another patterned IDT receives the propagating SAW and outputs another RF signal. The portion of the substrate between the two IDTs is called the delay line. Any changes in the SAW along the delay line can be detected by comparing the input and output RF signals.
the SAW is to deposit a sensing film on the substrate along the The most common method for intentionally manipulating delay line. The sensing film is chosen so that it will affect the SAW as a function of the element to be detected. Through simple signal processing of the output RF signal with external electronics, small changes in the propagating SAW can be measured with great precision. Figure 1 shows the general configuration of the He SAW microsensor, which consists of two separate devices on one substrate. The sensing device includes a pair of transmitting and receiving lDTs with a delay line between and covered with The reference device was configured in the same manner but did an Au-activated TiO, film capable of sensing metastable He.
Microsensor Configuration
outputs from the sensing and reference devices, we isolated the not have a sensing film on the delay line. By comparing the effect of the metastable He atoms interacting with the sensing film from other induced changes in the SAW (e.g., temperature changes) because both the devices were located on the same piezoelectric substrate and therefore experienced identical conditions. This orientation of the IDTs has been excited by an external RF supply [l I]. The lDT structure was symmetric so that the microsensor design was extrapolated from the design of one IDT. In the He SAW microsensor, because Y Z 
(3)
In the design of the He SAW microsensor, the delay line length corresponded to a transit time of 1.09 ps on YzCut LiNbO,. was set to 3.8 mm, which was within the allowable range and
The design of the SAW microsensor included a finger width of 8 pm, corresponding to an operating frequency of 108.9 Mhz. 7he large contact pads in Fig.  1 facilitated gold-wire attachments to the IDTs for input and output connections. With the IDTs patterned, photolithography was repeated to position the sensing film on the sensing device. With the same deposition and liftoff procedure, the sensing film of approximately 2.52 x 10" atoms/cm2. was applied to the delay loo0 A TiO, and 6 A Au, corresponding to an atomic density of line of the sensing device. The contact pads of the SAW microsensor were interfaced to the external electronics with gold wire. With conductive epoxy, 3-mil gold wires were adhered to the contact pads, which were then connected to 8 separate pins of a 24 pin integrated circuit socket. This socket was directly connected to external electronics for testing purposes.
Circuir Design an integrated circuit (IC) within a voltage controlled oscillator
In the external electronics configuration shown in Fig. 3 , WCO) device provided a cyclic signal. The frequency of the output signal of the device was controlled by a tuning voltage applied externally to the circuit. As the tuning voltage was increased, the VC0 output frequency increased linearly as shown in Fig. 4 , for both the sensing and the reference devices. The IDTs of the sensors were designed to operate at VC0 was designed to emanate a single desired frequency, but 108.9 MHz under ideal conditions. Ideally the IC circuit in the harmonic frequencies in the output signal created undesirable background noise. To overcome the problem of harmonic frequencies adversely affecting the sensor's input, a low pass filter (LPF) was employed in the circuit. The LPF blocked signals close to the passband and the harmonic frequencies near the passband created by the VCO. Each device of the circuit, including the IDTs, was designed to have an impedance of 50 R at both the input and output terminals. but variations from one device to another exist due to slightly differing improperly terminated devices cause wave signals to be fabrication parameters. Impedance mismatch between two reflected from one device's input to it's preceding device's output. A fixed attenuator was used as a signal-conditioning pad to reduce the amplitude of a signal to be within the input range of another device and to create an impedance match between the VC0 and LPF. The integrated electronics were attached to the IC socket of the SAW microsensor enclosed in a sensing chamber used in the test setup.
Tesr Serup
Because the sensing film on the sensor device detects metastable He, a plasma chamber was incorporated into the gas The metastable states of He decayed back to equilibrium after a flow system to excite stable He to this higher energy state.
Therefore, the goal of the experimental setup was to create collision or after the natural decay time of -IO' S elapsed.
metastable He in a plasma chamber and pass the excited He to the microsensor as quickly as possible to minimize the number of energy-releasing collisions. The He plasma chamber consisted of two electrodes having a 10 kV, 60 Hz signal applied across them and the root mean square @MS) electric field was 7.86 kV/cm.
After the plasma was ignited, the electric field sustained the plasma, producing metastable He. The flow of He was controlled by a metering system with a maximum flow rate of 52.40 mL/min.
The microsensor chamber was 5 x 5 x 3 cm and allowed for an integrated circuit socket to he plugged into it.
Results
The present application of the SAW sensor for inert gas detection was enhanced by the one-to-one correspondence of metastable atoms exposed during surface interaction. The frequency-shift difference between the sensing and the reference devices was of prime importance in the present measurements. Figure 5 shows experimental variation with time elapsed of the frequency shift, lf,-f), where f, is the sensor frequency and f, is the reference frequency. Figure  6 shows variation of lfs-f,l with increasing He pressure. Because both the sensing and the reference devices experience identical environments, the frequency shifts were independent of most parameters although it is possible that there may be small variations i n the sensing behavior sensor (because of dust trapped in the IDT fingers and nonunifomity with respect to the spacing between the fingers in the DT h to a possible change in processing conditions). These small changes were not noticeable when experiments were run in vacuum for a long period of time, thereby implying that the difference in frequency between the sensing and the reference devices was negligible to begin with, i.e., below the kHz level.
As can be observed from These stripped Au atoms would be removed instantly from the system due to continuous pumping of the sensing chamber. The momentary interaction of the metastable He atoms may also increase lf,-f,l before the Au atoms are stripped and after stripping. lfs-f) may decrease. When the plasma was shut off, no metastable He atoms were produced and. as expected, the change in the frequency shift lf,-f,l decreased dramatically. The variation in electrical conductivity due to exposure to metastable He was translated as a frequency shift, shown to he in the 4-12 kHz range, in the assembly. In the future, various characteristics of the SAW sensor, e.g., width of the delay line, temperature exposure, operating frequency, IDT finger width and separation. and separation between IDTs and delay line will be studied to better understand and optimize the the SAW device. Different operating frequencies will be variation of acoustic wave velocity and operating frequency of studied and several configurations of the number of WT fingers, and finger widths will be employed. 
